Introduction
Nowadays, a huge amount of biomedical data of different biological entities is provided by many online databases and services, each with its own data model, user interface and query language. However, typical bioinformatics scenarios require the use of more than one resource. Therefore, the availability of a single bioinformatics platform that integrates many biological resources and services is a fundamental issue. Some attempts to go beyond the drawbacks of a handcrafted combination of different resources have already been made. HumanMine [1] , Java BioWareHouse [2] , and Bio4J [3] are some examples of such tools. Regardless of focus and biological data sources considered by them (and also by others), they all lack one or more high-level functional features, such as web interface availability, dynamic data visualization, custom queries support, analytics, and expandability. Here, we present BioGraph, a web application that allows to query, visualize and analyze biological data belonging to several online available resources. BioGraph is built on top of our previously developed graph database called BioGraphDB [4] , which collects and integrates heterogeneous biological data and makes them available through a common structure and Gremlin [5] as unique query language. BioGraph makes use of state-of-the-art technologies and provides some precompiled bioinformatics scenarios, as well as the possibility to perform custom queries and obtaining an interactive and dynamic visualization of results.
Methods
BioGraph is characterized by a highly modular and scalable architecture to assure responsiveness and performances. The application's stack is made up of three levels. From the bottom to the top: � Graph Data level, overlooked by Apache Tinkerpop (http://tinkerpop.apache.com) with his Gremlin Server, which provides a way to remotely execute Gremlin queries against graph instances hosted within it, such as BioGraphDB, built as a Neo4j (https://neo4j.com) instance; � Microservices level, composed of a set of microservices used to deal with the management, transformation and production of queries results emitted by the graph engine, to implement the word auto-completion features, and to compute p-values using the right-tailed Fisher exact test. � Web Application level, built with Bootstrap (https://getbootstrap.com), a popular framework to create responsive web front-ends. Dynamic content manipulation, event handling, effects, and asynchronous data transfers are managed by jQuery (http://jquery.com). Graphs visualizations and interactions are handled by Cytoscape.js (http://js.cytoscape.org), a powerful JavaScript library which allows easy display and manipulation of rich interactive graphs, via all the common gestures, such as panning, box selection, pic-to-zoom, et cetera. The web user interface is organized in tabs, and the Gremlin Workbench is the place where the most of user's activities are performed (typing and executing queries, interactive browsing of results in the tree and graph views, displaying data details). Also, simple and complex predefined queries are available in the Templates and Scenarios tabs.
Results
The proposed system has been used to deal with a common bioinformatics scenario, that is the functional analysis of deregulated microRNA (miRNA) in breast cancer. Using traditional services and databases, that case study needs at least four different resources. First of all, in fact, given the pathology, a set of deregulated miRNAs should be selected, for example from miRCancer. Then, using miRBase and online databases collecting miRNA-target interactions such as miRanda, a set of mRNA related to deregulated miRNAs can be identified. Finally, using Gene Ontology (GO) it is possible to obtain statistical meaningful functional annotations.
BioGraph, on the other hand, makes available a single platform with an integrated knowledge base and a single query language to face the scenario. It, in fact, allows avoiding all those annoying steps by composing a Gremlin query that defines the starting point and the sequence of available resources to consult, eventually specifying custom filters and query parameters. For the proposed case study, BioGraph provides a result such as the one depicted in Figure 1 . There, on the left part there is an interactive tree showing nodes and edges traversed by executing the Gremlin query. In the central part of Figure 1 , there are the final and intermediated query results represented as an interactive graph. The graph's leaves represent the desired functional annotations, given the set of deregulated miRNAs related to a specific cancer. Each element of the graph, if clicked, provides a set of detailed information that are visualized in the Details Section, on the low part of Figure 1 .
Figure 1: Typical visualization of the results obtained by a query in BioGraph
Results can be exported in textual and graphical formats, including JSON that can be imported into Cytoscape framework. Furthermore, it is possible to select the "Gene-GO pValue" function to compute the p-value of the returned functional annotations.
Conclusions
BioGraph is a web application that allows to query, visualize and analyze biological data that are originally collected in different online databases. BioGraph is built on top a graph database that integrates several bioinformatics resources in order to provide a single platform useful to deal with bioinformatics scenarios that involve more than one resource. BioGraph can be easily expanded with new biological resources, increasing this way the kind and number of supported scenarios, and updated with the latest version of the already integrated data. BioGraph is available at http://biograph.pa.icar.cnr.it.
